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Abstract 
Supplier sorting after an evaluation process in many organizations is a routine task required by a quality 
assurance program or as a Supply Chain Management (SCM) regular practice in order to ensure service and 
efficiency, two main objectives of SCM. By using a fuzzy multicriteria over-ranking method, it is possible to 
create automated reasoning systems for dealing with high volume of data in a timely manner. The contribution 
of this paper is to show an actual industrial application solved with a new method derived from the classical 
Promethee® approach. The problem deals with assigning a category to the supplier which is different from the 
well-known problem of supplier ranking very abundant in the literature.  The method uses Flowsort® algorithm 
for classifying providers into categories. The categories are in order to decide the outcome of a Logistics 
Service Provider; that is, to continue being a partner until a new appraisal exercise, to continue but with 
correcting measures, or to be dismissed due to low performance. An example of the application is developed 
for a major supplier of  mining operations in Chile and directions for other uses of the method are given. 
© 2014 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of the organizers of ITQM 2014 
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1.  Introduction 
Supplier management is crucial in order to improve the benefits that a company can have at the operational, 
functional, economic, and financial levels and in terms of the sustainability of the supply chain it is embedded. 
As extensively described by Monczka et. al.1, p.47, a supplier evaluation process (SEP) is a regular process of 
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operational management in many companies; the need arises from finding suppliers for new products, parts, or 
materials, or for assessing performance of the current supplier base in order to decide continuation of their 
services. The first case may include not only routine supplies but strategic purchasing where complex factors 
(such as economics, political, natural, etc.) must be evaluated before choosing a right partner2. In the second 
case, performance evaluation relies on key performance indicators (KPI) such as quality, on-time delivery, 
costs, among other criteria. Scoring and multicriteria ranking methods such as well-known AHP are used3. In 
this work, we present the solution of an actual case of SEP for third party logistics services providers (3PLSP) 
in a major company which distributes chemical products to the Chilean mining industry. The process is carried 
out by using a new multicriteria decision making (MCDM) method for sorting purposes which after a regular 
evaluation process determines whether a supplier should remain in the base, or it may remain but entering a 
performance improvement program, or it should leave the base because of its low performance. The model 
relies on a set of (KPI) obtained from the database of the ERP system in place. In our particular problem, the 
need for a SEP model aroses from the loss of customers due to failures in the logistics processes in hands of the 
external providers. In fact, 10% of customers representing a 13,3%  of total sales in 2010 were lost because of 
delivery problems. A 14% of deliveries had some kind of failure, such as:  transportation delays (43%), 
damaged packaging (42%), stockout (11%), and missing certificates required by the authority (4%), in general 
related to dangerous materials handling.    
 
In regular supplier ranking exercises, as it would be done with Promethee®4 once the assessment through 
KPI's has taken place, the next step is to classify them in order to determine the importance or impact that each 
one will have on the company, and thus assessing the kind of relationship that such suppliers will have in the 
future with the organization.  The ranking of suppliers may be referred to the importance of a vendor onto 
others, or it may also refer to the classification in which a supplier should be included; in our problem, the 
requirement was to define three groups of LSP: suppliers to maintain, promising suppliers (with improvement 
required), and suppliers to be dismissed. 
 
Currently, the supplier sorting process is performed through a combination of methods and forms which can 
be very simply denoted. A common way is through a combination of characteristics, values and signs of the 
various alternatives that may exist and grouped according to similarities and a predetermined criterion. Another 
way of sorting is through a MCDM method which can evaluate all possible alternatives that may result in an 
assessment, and group and sort them according to fixed criteria and alternatives. However, these methods are 
not accurate enough and do not consider possible changes, as an increase or decrease in the number of 
alternatives and criteria; they do not perform a total conjugation of the influence that all of the criteria may 
exert on one or more alternatives, and finally the grouping of alternatives is inaccurate because it is arbitrary 
and it will depend only on the experience of decision maker which may not be always available in the 
organization. For these reasons a method based on a mathematical model is strongly advised. Needless to say 
the time problem, decisions need to be made quickly and accurately and taking all the advantage that ICT may 
offer. For the LPS classification process, the FlowSort™  method developed by Nemery and Lamboray5 is 
used, which is innovative and pioneering in reference to the best known multicriteria methods, as it allows to 
classify each provider in a category rather than to place them in a ranking position. A brief explanation of the 
method is given in the next section.  
 
2. Theoretical background 
Based on the Promethee methods4 6, flow sort is utilized for assigning actions to completely ordered 
categories; these categories are defined either by limiting profiles (i.e., min and max values)  or by central 
profiles (or  centroids).  In what follows, limiting profiles will be used. The assignment of an action (i.e., an 
object to be sorted) into a category is based on the relative position of this action with respect to the defined 
968   Juan M. Sepúlveda and Ivan S. Derpich /  Procedia Computer Science  31 ( 2014 )  966 – 975 
reference profiles in terms or incoming or outgoing net flows. Let  A = (a1, a2, …., an ) be the set of n actions to 
be sorted. These actions are evaluated on q criteria gj  (j = 1, ..., q); all criteria are supposed to be maximized in 
the decision making problem. The categories to which the actions must be assigned are denoted by C1, C2, ..., 
Ck. These categories are delimited by two boundaries when dealing with limiting profiles. The categories are 
ordered as C1 > .. > Ch > Cl > ..  > Ck, where Ch > Ck , with h < l, which denotes that Ch is preferred to Cl. Let 
R = (ri..., rK+1) be the set of limiting profiles in the case when a category is defined by an upper and lower limit. 
Thus, a category Ch is defined by a upper and lower profile, denoted as rh and rh+1 respectively. Likewise, rh is 
the lower profile of Ch-1 and rh+1 is the upper profile of Ch+1 and so on. Let π(x,y) be the preference of an action 
x over an action y, as in the Promethee method. Here, π(x,y) is calculated as the weighted sum of a preference 
function P(x,y) onto [0,1] with wj  as the weight of the criteria j (1). Fig. 1 and 2 show typical shapes of the P 
functions where height measures the preference degree in [0,1] of the difference between  actions x and y. P-
step returns a 1 value for any positive difference, whereas a V-shape allows for a smoother transition. Thus, on 
the basis of these preference function values, the positive, negative and  net flows  I  of each action x in R, are 
computed by equations (2) (3) (4) where 
x
R = RҐ{ai } is the extended set of profiles either for the limiting 
profile case or the central profiles. The decision rules for assigning actions ai to a category Ch are given by 
equations (4) and (5) in the case of limiting profiles. 
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3. The Evaluation Process 
The supplier classification process is conducted to put into categories each of the providers of the company 
and to maintain relationships or strategic alliances according to the level of importance the suppliers have to the 
company7. The classification considers as main criteria three factors: Economic (C1), Quality (C2), and Service 
(C3). In order to determine the supplier evaluation sub-criteria, a survey was conducted among the managers 
responsible for the selection of suppliers in order to determine the most important aspects. We chose two sub-
criteria for each main factor giving a 2x2 matrix per criteria. Each matrix is characterized by quadrants as 
shown in Table 1. 
x Economic Factor: relates to the monetary value of the product-service acquisition, therefore we consider:  
Product Price – Service and Method of Payment (cash payment or credit). 
x Service Factor: these include services associated with the purchased product or service, such as after-sales 
services. In our case, the sub-criteria of most importance to the company correspond to: Delivery and 
Warranty. 
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x Quality Factor: relates the compliance with specific requirements when purchasing the product –service; 
compliance with these requirements is demanded to the company by their own customers in the supply 
chain and therefore the company transfers such requirement to the providers, among these: ISO 9001:2008 
certification and Product Quality – Service specifications. 
 
  
Fig. 1. Usual P-step function (x preferred to y regardless the 
magnitude of their difference) 
 
Fig. 2. V- shape of the P-function (P linearly increases the the 
difference magnitude) 
 
Table 1. Weighting of criteria and sub-criteria. 
 
Criteria Weight Quadrants Weight 
Economics 0,40 High Price, cash payment 
Low price, cash payment 
High Price, credit 
Low price, credit 
1 
2 
3 
4 
Service 0,35 Long lead time, low warranty 
Long lead time, high warranty 
Short lead time, low warranty 
Short lead time, high warranty 
1 
2 
3 
4 
Quality 0,25 No certification, low quality 
With certification, low quality 
No certification, high quality 
With certificación, high quality 
1 
2 
3 
4 
 
The weighting of criteria and sub-criteria was obtained from averaging from the manager’s survey, with the 
outcomes shown in Table 1.  In order to obtain a global score for each LSP, an evaluation process of the KPIs 
was performed by using a Likert scale of four levels, having as reference the ideal value given to the 
Purchasing area as target, as shown in Table 2. That is, the better the KPI value is, the higher is the punctuation 
in a scale 1 to 4.   For quality certification, different levels of implementation were considered, since suppliers 
may have a full and company-wide compliance, or a partial implementation in some their business processes. 
In particular, some providers may require specific certifications, such as warehousing and transportation 
providers for the handling of dangerous materials. Table 3 shows an example of the process outcome for nine 
LSPs. The scores represent the input data for the FlowSort® method which will sort the LSP into a category in 
order to: a) decide its continuation, b) demand an improvement in its processes, or c) dismiss the supplier base. 
 
4. Method application 
By following the example of Table 3, in the evaluation by KPI's  each criterion and sub-criterion has a score 
ranging from 1 to 4, the first being the lowest and the last the highest. Therefore each logistic indicator (as in 
Table 2) must be proper to the scale score up to a maximum of 4. Moreover, the evaluation of each of the 
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indicators translates into a final evaluation for each supplier by each criterion. In order to perform the 
classification, the prior determination of the categories is required. In this work, three classes or sets are 
defined:  suppliers to maintain, promising suppliers, and suppliers to be changed. 
 
Table 2. Key performance indicators by criteria.          Table 3. Final scores of the supplier evaluation process. 
 
 
 
 
 
 
 
 
 
 
 
 
x Supplier to Maintain: supplier which maintains positive performance and optimal characteristics in 
order to remain as a logistics provider of the company. The assessment for this type of provider must 
be every six months or once a year  to check if  performance is maintained. 
x Promising Supplier: supplier which maintains average relative performance, i.e., it possesses some 
positive features and some others not so satisfactory, which makes them potential candidates for 
improvement. These types of providers require a monthly evaluation and performance monitoring. In 
case of failure measures should be taken according to the existing contract (warnings, penalties, etc.). 
Should this supplier improve its performance then take appropriate action to maintain it as a provider. 
x Supplier to be Changed: is a supplier which has negative rates or low performance. These types of 
providers are required to be monthly evaluated and  reviewed the existing contract due to the potential 
losses it can produce to  the company. 
 
Note that for simplicity the values of the limiting profiles are equivalent for all criteria (Table 4), and that 
these are primarily determined by the score used in the evaluation of the logistic indicators, i.e., if the score of 
each criterion ranges from 1 to 4, the limiting profile does too. 
 
Table 4. Limiting profiles per criterion. 
 
Limiting Profiles C1 C2 C3 
r1 4 4 4 
r2 3 3 3 
r3 2 2 2 
r4 1 1 1 
 
Initial calculations are done with Promethee method;  therefore the calculation of preference index between 
alternatives is essential. The only discrepancy between the two methods is that in FlowSort™ the difference is 
between the alternatives (actions) and the limiting profiles, whereas in Promethee the difference is performed 
only among the alternatives. Table 5 shows a partial view of such differences based on the scores in Table 3 for 
each criterion, where Ej stands for enterprise j, i.e. the provider. As preference function (P),  the step function 
(Fig.1) was used, as shown in Table 5 (any difference greater than zero obtains a value one). By applying 
equation (1), the preference  S is obtained, as shown in Table 6. 
 
Criteria KPI Ideal Target 
C1 -Economics Cost per  sq. meter of storage 
Cost per kg. stored 
Cost per kg. transported 
Payment days on invoices  
2-5$/m2 
1-10$/100kg 
1-20 $/100kg 
>30 Days 
 
C2-Service 
 
Mean tardiness over due date 
Reaction time to info reqs. 
Tardy orders over total 
Damaged packaging 
  
< 2 Days 
< 1 Day 
< 4% 
< 4% 
C3-Quality Certification (implementation) 
Percentage of claims 
100% 
<4% 
 
Provider C1 C2 C3 
1 4 1 1 
2 4 3 1 
3 3 3 3 
4 3 4 3 
5 3  4 3 
6 1 3 1 
7 1 1 1 
8 1 2 1 
9 1 3 3 
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Table 5. Computation of differences (three first providers) and corresponding P-function values. 
 
Difference C1 C2 C3   C1 C2 C3   
E1-r1 0 -3 -3   0 0 0   
E1-r2 1 -2 -2   1 0 0   
E1-r3 2 -1 -1   1 0 0   
E1-r4 3 0 0   1 0 0   
E2-r1 0 -1 -3   0 0 0   
E2-r2 1 0 -2   1 0 0   
E2-r3 2 1 -1   1 1 0   
E2-r4 3 2 0   1 1 0   
E3-r1 -0,6 -1 -1   0 0 0   
E3-r2 0,4 0 0   1 0 0   
E3-r3 1,4 1 1   1 1 1   
E3-r4 2,4 2 2   1 1 1   
           
 
 
Table 6. Degree of preference S between reference profiles and actions. 
 
π Value R1 R2 R3 R4 
π(E1,Ri) 0,000 0,400 0,400 0,400 
π(Ri,E1) 0,600 0,600 0,600 0,000 
π(E2,Ri) 0,000 0,400 0,750 0,750 
π(Ri,E2) 0,600 0,250 0,250 0,000 
π(E3,Ri) 0,000 0,400 1,000 1,000 
π(Ri,E3) 1,000 0,000 0,000 0,000 
π(E4,Ri) 0,000 0,750 1,000 1,000 
π(Ri,E4) 0,650 0,000 0,000 0,000 
π(E5,Ri) 0,000 0,350 1,000 1,000 
π(Ri,E5) 0,650 0,000 0,000 0,000 
π(E6,Ri) 0,000 0,000 0,350 0,350 
π(Ri,E6) 1,000 0,650 0,650 0,000 
π(E7,Ri) 0,000 0,000 0,000 0,000 
π(Ri,E7) 1,000 1,000 1,000 0,000 
π(E8,Ri) 0,000 0,000 0,000 0,350 
π(Ri,E8) 1,000 1,000 0,650 0,000 
π(E9,Ri) 0,000 0,000 0,600 1,000 
π(Ri,E9) 1,000 0,400 0,400 0,000 
 
 
Finally, by using equations (2) (3) (4) the positive, negative, and net flows are calculated, and the sorting 
rule applied with equations (5) (6), as shown in full in Table 7. 
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Table 7. Final sorting of LSPs. 
 
FlowSort Results r1 r2 r3 r4 Ei Sorting 
R1 
Ф(+) 0,900 0,650 0,400 0,000           0,300  Change 
Ф(-) 0,000 0,350 0,600 0,850 0,450 Promising 
Ф(net) 0,900 0,300 -0,200 -0,850 -0,150 Promising 
R2 
Ф(+) 0,900 0,563 0,313 0,000           0,475  Promising 
Ф(-) 0,000 0,350 0,688 0,938           0,275  Maintain 
Ф(net) 0,900 0,213 -0,375 -0,938 0,200 Promising 
R3 
Ф(+) 1,000 0,500 0,250 0,000           0,600  Maintain 
Ф(-) 0,000 0,350 0,750 1,000           0,250  Maintain 
Ф(net) 1,000 0,150 -0,500 -1,000 0,350 Maintain 
R4 
Ф(+) 0,913 0,500 0,250 0,000           0,688  Maintain 
Ф(-) 0,000 0,438 0,750 1,000 0,163 Maintain 
Ф(net) 0,913 0,063 -0,500 -1,000 0,525 Maintain 
R5 
Ф(+) 0,913 0,500 0,250 0,000           0,588  Maintain 
Ф(-) 0,000 0,338 0,750 1,000           0,163  Maintain 
Ф(net) 0,913 0,163 -0,500 -1,000 0,425 Maintain 
R6 
Ф(+) 1,000 0,663 0,413 0,000           0,175  Change 
Ф(-) 0,000 0,250 0,588 0,838           0,575  Promising 
Ф(net) 1,000 0,413 -0,175 -0,838 -0,400 Change 
R7 
Ф(+) 1,000 0,750 0,500 0,000 0  Change 
Ф(-) 0,000 0,250 0,500 0,750           0,750  Change 
Ф(net) 1,000 0,500 0,000 -0,750 -0,750 Change 
R8 
Ф(+) 1,000 0,750 0,413 0,000           0,088  Change 
Ф(-) 0,000 0,250 0,500 0,838           0,663  Change 
Ф(net) 1,000 0,500 -0,088 -0,838 -0,575 Change 
R9 
Ф(+) 1,000 0,600 0,350 0,000           0,400  Promising 
Ф(-) 0,000 0,250 0,650 1,000           0,450  Promising 
Ф(net) 1,000 0,350 -0,300 -1,000 -0,050 Promising 
 
 
The final sorting can be identified by the classification obtained by the positive flows (φ [+]) and negative (φ 
[-]) and observing if they share the same class; for instance Providers 3,4,5,7,8,9.  In case of ambiguities 
resulting from the calculations (as Providers 1,2,6), a graph in the flows plane can be used so that by observing 
the distances we get can get the most appropriate classification for each logistics provider. For instance, Fig. 3 
shows the outcome for Provider 4 with no ambiguity since both flows suggest the same sort into the Category 
“Maintain”.  However, for Provider 1 (Fig.4) a decision is made based on net flow, assigning the category 
“Promising”. Fig. 5 shows Provider 6 also decided based on net flow. Fig.6 shows Provider 7 which is to be 
dismissed by all means. The full process is depicted in Fig.7. 
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5. Other possible applications of flow sorting in SCM 
Many examples of flow sorting applications may arise in SCM.  For instance in strategic SCM one subject is 
classifying suppliers into categories for deciding the strategic approach to be followed. Kraljic7 in his 
pioneering work established categories of suppliers according to the importance for the company and the risks 
of suppliers in their own market. As recently reviewed by Monczka et. al.1, Kraljic’s categories are defined by a 
matrix of four quadrants, namely: routine, leverage, bottleneck, and critical quadrants. Each category means 
different strategies ranging from automated transactions by the use of ERP and/or EDI of commodity items of 
low total purchasing expenses, i.e. routine category, up to the critical category in which for example the 
expenses are very high and the suppliers situation in its market is risky due to uncertainties, uniqueness, or high 
dependence. See Fig.8 for an example of Kraljic matrix. The number in parenthesis is an increasing numerical 
value of complexity in a scale from 1 to 4.  
 
In  the  work by Sepúlveda and Derpich8 a case study  of  categorization of suppliers is given by defining 
three categories, each leading to differentiated SCM strategies:  1) transactional, 2) collaborative, or 3) 
integrated. We refer to transactional, the routine suppliers of low purchasing expense and easy-to-obtain 
commodity-like products or services; collaborative supplier is one of importance to the company in which close 
performance monitoring is needed to assure the service level agreement; integrated supplier is a critical one of 
such an importance that a strategic alliance is needed, such as the case of strategic sourcing in the car industry 
when third parties make cars for a given brand, or a food item, or a medical supply. Besides Matrix 1, two other 
matrices are used to classify suppliers.  
 
 
 
 
Fig. 3. Flows plane graph for Provider 4. 
 
 
Fig. 4. Flows plane graph for Provider 1. 
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Fig. 5. Flows plane graph for Provider 6. 
 
Fig. 6. Flows plane graph for Provider 7. 
 
 
 
 
Fig.7. Process flow diagram. 
 
 
 
Fig.8. Kraljic’s Matrix 1 for strategic positioning. 
 
 
 
 
 
ERP System
KPI calculations 
App
Sorting 
algorithm
Decision Making
Maintain
Monitor
Dismiss
Product Strategic Positioning Matrix
High
Bottleneck (2) Strategic (4)
Complexity
of Suppliers
Market Non-critical (1) Leverage (3)
Low
Low High
             Impact on the business
975 Juan M. Sepúlveda and Ivan S. Derpich /  Procedia Computer Science  31 ( 2014 )  966 – 975 
6. Conclusion 
The task of deciding whether or not a LSP should continue providing services to a company may be a 
complex and delicate process since many criteria are present at the moment of making the decision. In order to 
perform a well documented and fair process, better decision models are required. When dealing with a large 
suppliers base, the task of classifying providers based on multiple criteria becomes more difficult to manage 
due to the high data volume to be analyzed at once.  Hence,  the need of automating  the SEP. The new method 
FlowSort has proven to be a very effective tool in solving this problem, along with a structured method based 
on key indicators  of the service providers. The fact that input data are generated by an ERP system is just for 
the particular actual  implementation of this case;  other uses of the method may require a decision support 
system database according to the needs.  Ongoing work include experimentation and analysis of sensitivity on 
various parameters such as weights and shapes of the preference functions. 
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